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[57] ABSTRACT 

A process is provided for constructing a fluid impermeable 
subterranean barrier wall in a permeable earthen material al 
an earthen surface. The process is initiated by excavating an 
earthen pit in the permeable earthen material. A gelable 
slurry is prepared including unconsolidated solids, an aque- 
ous solvent, a crosslinkable polymer, and a polymer 
crosslinking agent. The unconsolidated solids have a bulk 
component consisting of a soil or a clay. The unconsolidated 
solids can also include a number of additive agents which 
enhance the performance of the gelable slurry, such as 
density control agents, mixing agents, permeability reduc- 
tion agents, filtration control agents and strength loss reduc- 
tion agents. The gelable slurry is placed in the earthen pit 
and gelled to substantial maturity. The resulting gel binds the 
unconsolidated solids present in the earthen pit to convert 
the gelable slurry to a gelled continuum of consolidated 
solids, which forms the fluid impermeable barrier wall in the 
earthen pit. In an alternate embodiment, a displaceable 
slurry formed from a liquid and unconsolidated solids is 
placed in the earthen pit ahead of the gelation solution. The 
gelation solution is subsequently placed in the earthen pit to 
displace al least a portion of the displaceable slurry. The 
gelation solution gels to substantial maturity in the earthen 
pit, binding the unconsolidated solids present in the earthen 
pit and forming Ihe barrier wail. 

33 Claims, No Drawings 
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CONSTRUCTION OF A FLUID 
IMPERMEABLE SUBTERRANEAN BARRIER 
WALL 

TECHNICAL FIELD 

The present invention relates to a process for constructing 
a subterranean barrier wall and, more particularly, to a 
process for constructing a fluid impermeable barrier wall in 
a permeable earthen material to substantially prevent fluid 
flow from one region of the earthen material to another. 

BACKGROUND OF THE INVENTION 

It is occasionally desirable to prevent the subsurface flow 
of fluid into or out of a given region of soil. For example, it 
may be desirable to fluid isolate a region of soil which has 
been contaminated with objectionable fluids to prevent the 
objectionable fluids from migrating into surrounding regions 
of unco ntamina ted soil. It may also be desirable to fluid 
isolate a region of soil to prevent ground water from flowing 
into the region of soil, for example, where the practitioner 
wishes to maintain the region of soil relatively dry. 

A number of processes exist in the prior art which have 
fluid isolation of soil as a stated objective. One common 
approach of such prior art processes is to construct a 
subterranean barrier wall in the soil which is impermeable to 
fluid. However, known subterranean barrier wall construc- 
tion processes exhibit limited degrees of effectiveness. 
Therefore, the present invention recognizes a need for an 
alternate subterranean barrier wall construction process to 
fluid isolate a region of soil, which is more effective than 
prior art processes. Accordingly, it is an object of the present 
invention to provide an effective process for fluid isolating 
a region of soil. More particularly, it is an object of the 
present invention to provide an effective process for fluid 
isolating a region of soil by constructing a fluid impermeable 
subterranean barrier wall adjacent to the region of soil. It is 
another object of the present invention to provide such a 
process, wherein the fluid impermeable subterranean barrier 
wall is relatively uncomp heated and cost-effective to con- 
struct. It is still another object of the present invention to 
provide such a process, wherein the fluid impermeable 
subterranean barrier wall is relatively strong and durable. 
These objects and others are achieved in accordance with the 
invention described hereafter. 

SUMMARY OF THE INVENTION 

The present invention is a process for constructing a fluid 
impermeable subterranean barrier wall in a permeable 
earthen material at an earthen surface. The process is initi- 
ated by excavating the permeable earthen material from the 
surface to form an earthen pit. The earthen pit is located such 
that a first region of the permeable earthen material is 
positioned on a first side of the earthen pit and a second 
region of the permeable earthen material is positioned on a 
second side of the earthen pit. 

A gelable slurry is prepared including unconsolidated 
solids, an aqueous solvent, a crosslinkable polymer, and a 
polymer crosslinking agent. In accordance with one 
embodiment, the gelable slurry is prepared by mixing the 
aqueous solvent, crosslinkable polymer, and polymer 
crosslinking agent to form a gelation solution and mixing the 
resulting gelation solution with the unconsolidated solids. In 
accordance with an alternate embodiment, the gelable slurry 
is prepared by sequentially mixing the aqueous solvent, 
crosslinkable polymer, and polymer crosslinking agent with 
the unconsolidated solids. 
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In any case, the crosslinkable polymer is preferably an 
acrylamide polymer, and more preferably a polyacrylamide, 
a partially hydrolyzed polyacrylamide, or a mixture of both. 
The polymer crosslinking agent is preferably a complex 

5 containing a chromium III cation and a carboxylate anion. 
The preferred carboxylate anion is acetate, propionate, 
malonate, lactate, glycolate, or a mixture of these=anions. 
The gelable slurry can also include a gelation rate acceler- 
ating agent or a gelation rate retarding agent to modify the 

10 gelation rate of the gelable slurry. The gelation rate accel- 
erating agent is preferably a simple mineral acid, an inor- 
ganic chromium salt, or a mixture of these accelerators. The 
gelation rate retarding agent is preferably a carboxylic acid, 
an ammonium, potassium or sodium salt of the carboxylic 

15 acid, or a mixture of these retarders. 

The unconsolidated solids have a bulk component con- 
sisting of a soil, a clay, or a mixture of these bulk compo- 
nents. The clay can be selected from among bentonite, 
attapulgite, smectite, montmorillonite, kaolinite, illitc, and 

20 mixtures of these clays. The unconsolidated solids can also 
include a number of additive agents which enhance the 
performance of the gelable slurry. Preferred additive agents 
are density control agents, mixing agents, permeability 
reduction agents, filtration control agents, or strength loss 

25 reduction agents. Preferred density control agents include 
. diatomaceous earth, gilsonite, pcrlite, hemat : \ ilemite, 
cellulose, sand, salt, lignin, and mixtures r these agents. 
Lignin is a preferred mixing agent Preferred permeability 
reduction agents include perlite, gilsonite, and mixtures of 

30 these agents. Cellulose is a preferred filtration control agent. 
Silicas arc preferred strength loss control agents. 

The gelable slurry is placed in the earthen pit. Uncon- 
solidated solids may also reside in the earthen pit which mix 
with the gelable slurry. The aqueous solvent, crosslinkaMp 

35 polymer and polymer crosslinking agent are gelled to sub- 
stantial maturity in the earthen pit producing a gel. The gel 
binds the unconsolidated solids present in the earthen pit to 
convert the gelable slurry to a nondeformable gelled con- 
tinuum of consolidated solids, which forms the barrier wall 
in the earthen pit. The barrier wall is substantially imper- 
meable to fluid flowing from the first region toward the 
second region of the permeable earthen material. 
The process of the present invention is practiced in 

45 accordance with an alternate embodiment, wherein a dis- 
placeable slurry is placed in the earthen pit ahead of the 
gelation solution. The displaceable slurry includes a liquid 
and unconsolidated solids, preferably a clay. Unconsolidated 
solids may also reside in the earthen pit. The gelation 

5Q solution is prepared in a manner described above and placed 
in the earthen pit to displace at least a portion of the 
displaceable slurry from the earthen pit. The gelation solu- 
tion gels to substantial maturity in the earthen pit, binding 
the unconsolidated solids present in the earthen pit to 

55 provide the barrier wall. In accordance with this 
embodiment, additional unconsolidated solids including 
additive agents can also be mixed with the "gelation solution 
prior to placement of the gelation solution in the earthen pit. 
The invention will be further understood from the accom- 

60 panying description. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention is a process for constructing a 
65 subterranean barrier wall which is substantially imperme- 
able to fluid. The fluid impermeable barrier wall has utility 
for placement in a permeable earthen material at an earthen 
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surface to substantially prevent fluid flow through the barrier and about 50,000,000, and preferably between about 100, 

wall from a region of the permeable earthen material on one 000 and about 10,000,000. 

side of the barrier wall to a region of the permeable earthen t-u_ i„™ , • ... .... , 

material on the other side of the baVrier wall. More ™ C T 7 ^ ^ u ^ hcrcin 15 a 

particularly, the fluid impermeable barrier wall has utility for 5 w f com P lcx containing a reactive transition metal 

placement in a soil to isolate a region of the soil on one side catI0n . and an organic carboxylate anion. The preferred 

of the barrier wall from a fluid on the other side of the barrier mctal is chromium III. Preferred carboxy- 

wall. It is commonly desirable to isolate an uncontaminated latc wons "» clud c momxarboxylate anions, such as=acetate 

soil region from a liquid conUminant, such as a uquid and Prop 10 ™ 10 * poly-carboxylate anions, such as malonate, 

hydrocarbon, contained in an adjacent contaminated soil lft a f d subsUtutcd derivatives of carboxylate anions, such as 

region. Alternatively, it can be desirable to isolate a soil W™™* and la <*ate. The carboxylate anions are generally 

region from a ground water, which may or may not have a obtaiDcd fr ° m the corresponding acids or salts thereof. An 

liquid contaminant commingled with the ground water example of a preferred crosslinking agent is one or more 

The process is initiated by excavating the permeable chromium / n «^«» ""J 1 "* W !* ° n r morc aoclat < 

earthen material from the earthen surface triform an earthen 15 f mODS * ^ by US ' Pat * No ' 4 » 683 ' 949 ' ""P*"^ 

pit. An earthen pit is generally defined herein as a cavity of D y rctcrcDCC - 

substantially any configuration formed in the earthen surface . ^ aqueous solvent of the gelation solution is an aqueous 
which is open to the ambient atmosphere. The earthen pit is ^quid ca P able of forming a solution with the selected 
preferably configured as a ditch having a significantly P°lymer and crosslinking agent. The term "solution" as used 
greater dimension of length relative to its dimension of 20 herein ' m addiu0Q to ^ solutions, is intended to broadly 
width and extending vertically in its dimension of depth encompass dispersions,, emulsions, or any other homoge- 
substantiatly perpendicular to the earthen surface. A typical neous mixture of the crosslinkable polymer and polymer 
dimension of width is between about 0.1 and about 1 meters, crosslinking agent in the aqueous solvent. The aqueous 
while the dimension of length may be several orders of solvent is preferably a fresh water or a brine, 
magnitude greater. A typical dimension of depth is on the 1S Admixing the crosslinkable polymer, polymer crosslink- 
order of several meters. The dimensions of the earthen pit kg agent, and aqueous solvent broadly encompasses batch 
are preferably sufficient to prevent a fluid flowing through mixing the components in bulk and subsequently utilizing 
the permeable earthen material in a substantially horizontal mc gelation solution as needed or mixing the components on 
direction relative to the earthen surface from bypassing the the fly and utilizing the gelation solution substantially simul- 
earthen pit by migrating beneath or arouod the earthen pit. 50 taDCOUS *y u P° n m ^mg. The polymer and crosslinking agent 
The earthen pit divides the earthen material into a first can initially be in a solid or liquid state. If the crosslinking 
region, such as a contaminated region, positioned on a first a S ent ^ added to the gelation solution as a chromium 
side of the earthen pit and a second region, such as an Ill-acetate complex, preferred forms of the chromium III - 
uncontaminated region, positioned on a second side of the acetate complex crosslinking agent are solid CrACj, solid 
earthen pit The first and second regions arc frequently at 35 CrAc 3 *H 2 0, solid GyVc^OH^ or a solution labeled "Chro- 
about the same depth in the earthen material relative to the m * c Acetate 50% Solution" that is commercially available 
earthen surface. from McGean-Rohco Chemical Co., Inc., 50 Public Square, 

A gelable slurry is prepared including unconsolidated Na 125 °- Cleveland, Ohio 44113-2251, U.S.A. 

solids, an aqueous solvent, a crosslinkable polymer, and a The polymer concentration of the resulting gelation solu- 

polymer crosslinking agent. In accordance with one 40 tion ^ generally at least about 500 ppm, preferably at least 

embodiment, the gelable slurry is prepared by admixing the about 2,000 ppm, and most preferably within a range 

aqueous solvent, crosslinkable polymer, and polymer between about 3,000 ppm and about 100,000 ppm. The 

crosslinking agent to form a homogeneous liquid termed a crosslinking agent concentration of the gelation solution is 

gelation solution. The resulting liquid gelation solution is generally between about 44 ppm and about 88,000 ppm, and 

then mixed with the unconsolidated solids. The gelation 45 preferably between about 88 ppm and about 18,000 ppm. As 

solution is defined herein as a gel precursor transformable to such, the corresponding chromium HI cation concentration 

a gel after being aged to maturity for a predetermined gel of the gelation solution is generally between about 10 ppm 

time. A gel is defined as a continuous three-dimensional and aD °ut 20,000 ppm, and preferably between about 20 

crosslinked polymeric network integrating a liquid into the Ppm and about 4,000 ppm. The weight ratio of polymer to 

interstices of the network. 50 crosslinking agent in the gelation solution is preferably 

The preferred crosslinkable polymer having utility in the between about 3:1 and about 15:1. 

present invention is a water-soluble, carboxylate-containing, In accordance with an alternate embodiment, the gelable 

acrylamide polymer. An acrylamide polymer has one or slurry is prepared by sequentially mixing the aqueous 

more acrylamide groups and includes polyacrylamide (PA), solvent, crosslinkable polymer, and polymer crosslinking 

partially hydrolyzed polyacrylamide (PHPA), copolymers of 55 agent in the relative concentration ranges recited above with 

acrylamide and acrylate, and lerpolymers and tetrapolymers the unconsolidated solids. Sequential mixing encompasses 

of acrylamide. PA, as defined herein, has from about 0% to premixing any two components from among the solvent, 

about 0.1% of its amide groups hydrolyzed. Although PA polymer and crosslinking agent, mixing the resulting pre- 

initially lacks a significant concentration of carboxylate mixture with the unconsolidated solids, and mixing the 

groups, it is capable of auto-hydrolyzing under certain 60 remaining component with the unconsolidated solids, either 

environmental conditions, thereby satisfying the definition before or after mixing. the premixture with the unconsoli- 

of a carboxylate-containing polymer. PHPA has greater than dated solids. Sequential mixing also encompasses mixing 

about 0.1% of its amide groups hydrolyzed and less than me solvent, polymer and crosslinking agent components 

100% of its amide groups hydrolyzed. A preferred PHPA has individually with the unconsolidated solids in substantially 

less than about 50% of its amide groups hydrolyzed. The 65 anv order. 

average molecular weight of an acrylamide polymer having In accordance with cither of the above-recited 

utility herein is generally in a range between about 10,000 embodiments, a gelation rate controlling agent can option- 
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ally be included in the gelable slurry. The gelaiion rate gelable slurry as it is placed in the earthen pit. The volu- 

controlling agent is defined herein as a material mixed into metric ratio of aqueous solvent, crosslinkable polymer and 

the gelation solution that substantially retards or accelerates polymer crosslinking agent to total unconsolidated solids in 

the rate of the gelation reaction, preferably without substan- the gelable slurry is preferably between about 20: 1 and 

tially modifying the strength and integrity of the resulting 5 about 1:20. A sufficient volume of the gelable slurry is 

gel. In some cases within the practice of the present placed in the earthen pit to preferably substantially fill the 

invention, it may be desirable to retard the rate of gelation. earthen pit to a level even with the earthen surface. As such 

Gelation rate retarding agents having utility herein include the gelable slurry substantially continuously contacts the 

carboxylic acids taught by U.S. Pat. Nos. 4,706,754; 5,131, entire surface wall of the earthen pit. 

^JS^ Sai ! A H ; ^ i^ 9 ' 4 H 6 '- » ™ e " d vJutong agent of the gel- 

herein by reference. Such carboxylic aads include acetic aWe slurry are gelled to substantial maturity in the earthen 

2' P X°rZr^ T ac / d ' malomc aad K and Vyf* Pit producing a stable gel. Gelling of the solvent, polymer 

11 In i f I T 7 lardlD i S Zg ?u ^ and crosslinksog agent to maturity is a consequence of 

herein include the carboxylate salts of the above-recited substantially complete crosslinking between the polymer 

j£Z y "u* C t' 5 amm0D 1 mm ' P ota f lum or is and crosslinking agent. Crosslinking is completed when 

sodium salts of acetate, propionate, lactate, malonate or either substantiaUy aQ of lhe reaclabIe cross )inkmg agent or 

& T : A ^ t ^ DaUveI ^ 1 rcl . aided gelauon may be achieved substantiaUy all 0 f the polymer crosslinking sites are con- 
without including a gelation rate retarding agent in the sumed duriQg m of the lab]e slu A \ taMe r fe 
gelation so ution by appropriate selection of a decarboxy- characterized herein as a gel that does not exhibit substantial 
lated crosshnking agent in the manner of VS. Pat. No. 2Q loss of structure over time as eviderx^ by reduction in gel 
5,431,226, incorporated herein by reference. slrength or expulsion of waterf termed network breakdown 
In other cases within the practice of the present invention, an d/ or syncresis. Crosslinking between appropriate sites of 
it may be desirable to accelerate the rate of gelation. the same or different polymer molecules creates the network 
Accelerated gelation may be achieved by including a gela- structure of the stable gel. The terms "crosslinking", "gel- 
tion rate accelerating agent in the gelation solution. Gelation 25 ling" an d "gelation" are used synonymously herein. Partial 
rate accelerating agents having utility herein include simple crosslinking of the polymer by the crosslinking agent may 
mineral aads and inorganic chromic salts taught by U.S. Pat. occur before the gelable slurry is placed in the earthen pit, 
Nos. 4,72:3,605 and 4,770,245, respectively, incorporated but substantial crosslinking resulting in gel formation prcf- 
herem by reference. Such simple mineral acids include crably docs not occur until at least a substantial portion of 
hydrochloric acid, nitric acid, sulfuric acid, and the like. 30 the gelable slurry is placed. Retarding the rate of gelation 
Such inorganic chromic salts include chromic trichloride, can enable sufficient time for deployment of the gelable 
chromic triiodide, chromic tribromide, chromic slurry before formation of the gel. Alternatively, accelerating 
triperchlorate, chromic trinitrate, and the like. Alternatively, the rate of gelation can reduce the time required for complete 
accelerated gelation may be achieved without including a gelation after the gelable slurry is placed 
gelation rate accelerating agent in the gelation solution by 35 The gel serves ^ a bindcrj conso i idating the particles of 
appropriate selection of a crosslinking agent having a more lhe unconsolidated solids by binding them to one another, 
rapid rate of reaction and/or by increasing the concentration Accordingly, the gel transforms the gelable slurry into a 
of the selected crosslinking agent in the gelation solution. gelled continuum of consolidated solids, which forms the 
The major component of the unconsolidated solids barrier wall in the earthen pit. In general, a lower concen- 
employed in the gelable slurry is a bulk component. The 40 tration of consolidated solids in the gelable slurry preferen- 
bulk component makes up between at least about 50% and tially dictates selection of a gel having a relatively higher 
100% by weight of the unconsolidated solids in the gelable degree of structure. The degree of structure of the gel 
slurry. The bulk component is a soil, a clay, or a soil and clay formulated in the manner of the present invention is inter 
mixture. The soil is typically obtained by excavation from alia a function of the polymer properties, the polymer 
the earthen pit, while clays having utility herein include 45 concentration, and the degree and character of crosslinking 
bentonite, attapulgite, smectite, montmorillonite, kaolinite, in the gelable slurry. The degree of structure of a gel 
ilhte, and mixtures of these clays. The bulk component is containing an acrylamide polymer is usually increased by 
characterized as being substantially inert with respect to the increasing the polymer concentration in the gelable slurry, 
solvent, polymer and crosslinking agent. However, an oftentimes more cost-effective and preferred 
The remainder of the unconsolidated solids consists of 50 means for achieving the same effect is to employ a higher 
any number of additive agents which enhance the perfor- molecular weight polymer ai a relatively fixed concentration 
mance of the gelable slurry. Preferred additive agents are and initial hydrolysis level. Conversely, a reduction in the 
density control agents, mixing agents, permeability reduc- degree of structure is achieved by using a lower molecular 
lion agents, filtration control agents, or strength loss reduc- weight polymer. Thus, the skilled practitioner can modify 
tion agents. Preferred density control agents include diato- 55 the degree of structure of the present gel in the above- 
maceous earth, gilsonite, perlite, hematite, ilemite, cellulose, described manner to correspond with the desired character- 
sand, salt, lignin, and mixtures of these agents. Lignin is a istics of the barrier wall. In any case, the gel preferably has 
preferred mixing agent. Preferred permeability reduction sufficient structure such that the barrier wall is substantially 
agents include perlite, gilsonite, and mixtures of these rigid or nondeformable, retaining its form if the surrounding 
agents. Cellulose is a preferred filtration control agent. 6 0 permeable earthen material making up the wall of the 
Silicas are preferred strength loss control agents. . earthen pit is removed. 

Upon preparation, the gelable slurry is placed in the As with the gelable slurry, the barrier wall resulting 

earthen pit. Unconsolidated solids may also reside in the therefrom substantially fills the earthen pit, substantially 

earthen pit, either having been retained in the earthen pit continuously contacting the entire surface wall of the 

during the excavation step or having been deposited in the 65 earthen pit. The barrier wall has sufficient slrength to resist 

earthen pit after the excavation step. The unconsolidated propagation from the earthen pit when exposed to fluids 

solids residing in the earthen pit preferably mix with the flowing through the permeable earthen material or flowing 
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atop the barrier wall. It is also noted that the gel retains its 
stability and relatively high structural strength in the pres- 
ence of fluid contaminants, ground water, sunlight, rain and 
other atmospheric weather conditions. Accordingly, the bar- 
rier wall remains substantially impermeable to fluid flowing 
from the first region toward the second region of the 
permeable earthen material for an extended time period of 
many years, corresponding to the useful life of the barrier 
wall. The barrier wall is particularly applicable to blocking 
fluid flowing through the permeable earthen material in a 
substantially horizontal direction relative to the earthen 
surface. 

The process of the present invention is practiced in 
accordance with an alternate embodiment, wherein a dis- 
placeable slurry is placed in the earthen pit ahead of the 
gelation solution. The displaceable slurry includes a liquid 
and unconsolidated solids. The liquid is preferably water and 
the unconsolidated solids are preferably a clay selected from 
among the above-recited clays. The displaceable slurry may 
be limited to these two components or may also include one 
or more of the above -recited additive agents. A sufficient 
volume of the displaceable slurry is placed in the earthen pit 
to preferably substantially fill the earthen pit to a level even 
with the earthen surface, thereby substantially continuously 
contacting the entire surface wall of the earthen pit. Uncon- 
solidated solids may also reside in the earthen pit, either 
having been retained in the earthen pit during the excavation 
step or having been deposited in the earthen pit after the 
excavation step. The unconsolidated solids residing in the 
earthen pit preferably mix with the displaceable slurry as it 
is placed in the earthen pit. The volumetric ratio of the liquid 
to total unconsolidated solids in the displacable slurry is 
preferably between about 20:1 and about 1:20. 

The gelation solution is prepared in a manner described 
above and placed in the earthen pit to displace at least a 
portion, if not all, of the displaceable slurry from the earthen 
pit. The gelation solution gels to substantial maturity in the 
earthen pit, binding the unconsolidated solids present in the 
earthen pit to provide the barrier wall. In accordance with 
this embodiment, additional unconsolidated solids including 
additive agents can be mixed with the gelation solution prior 
to placement of the gelation solution in the earthen pit. 

The following examples demonstrate the scope and utility 
of the present invention, but are not to be construed as 
limiting the scope thereof. 

EXAMPLE 1 

A quantity of unconsolidated solids comprising a mixture 
of soil and bentonite clay is prepared by combining 5 grams 
of bentonite clay with 95 grams of soil. A gelation solution 
is prepared by combining 40.0 grams, of. a crosslinkable 
polymer solution, 0.1778 grams of a crosslinking agent 
solution and 59.82 grams of an aqueous solvent. The 
crosslinkable polymer solution is 2.0 weight percent active 
in PHPA, which has an approximate molecular weight of 
5,000,000. The crosslinking agent solution is 50 weight 
percent active in chromium Ill-acetate complex. 10.0 cc of 
the gelation solution are mixed with 8.5 cc of the uncon- 
solidated solids to form a gelable slurry. The gelable slurry 
is spread onto a watch glass and exposed to ambient room 
conditions for 72 hours. During this time a gel is formed 
which does not flow under the force of gravity, thereby 
converting the gelable slurry to a nondeformable gelled 
continuum of consolidated solids which is substantially 
impermeable to fluid. 

EXAMPLE 2 

The procedure of Example 1 is repeated except that the 
gelation solution comprises 60.0 grams of the crosslinkable 
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polymer solution, 0.20 grams of the crosslinking agent 
solution and 39.8 grams of the aqueous solvent. 10.0 cc of 
the gelation solution are mixed with 8 5 cc of the uncon- 
solidated solids to form the gelable slurry, which is spread 

5 onto the watch glass and exposed to ambient room condi- 
tions for 72 hours. During this time a nonflowing gel is 
formed, thereby converting the gelable slurry to aaionde- 
formable gelled continuum of consolidated solids which is 
substantially impermeable to fluid. It is rioted that the gel of 

to Example 2 is somewhat more structured than that of 
Example 1. 

EXAMPLE 3 

The procedure of Example 1 is repeated except that the 
15 gelation solution comprises 90.91 grams of the crosslinkable 
polymer solution, 1.0 grams of the crosslinking agent solu- 
tion and 8.091 grams of the aqueous solvent. The crosslink- 
able polymer solution is 5.5 weight percent active in a 
PHPA, which has an approximate molecular weight of 
20 500,000. 10.0 cc of the gelation solution are mixed with 10.0 
cc of the unconsolidated solids to form the gelable slurry, 
which is spread onto the watch glass and exposed to ambient 
room conditions for 72 hours. During this time a rigid gel is 
formed, thereby converting the gelable slurry to a nonde- 
25 form able gelled continuum of consolidated solids which is 
substantially impermeable to fluid. It is noted that the gel of 
Example 3 is more structured than those of Examples 1 and 
2. 

30 EXAMPLE 4 

A gelable slurry is prepared by adding 6.0 weight percent 
bentonite clay and 0.5 weight percent sodium chloride to an 
aqueous solvent. 49.8 grams of the resulting mixture are 

35 then combined with 50.0 grams of a crosslinkable polymer 
solution and 0.200 grams of a crosslinking agent solution. 
The crosslinkable polymer solution is 2.0 weight percent 
active in a PHPA, which has an approximate molecular 
weight of 5,000,000. The crosslinking agent solution is 50 

4(J weight percent active in chromium Ill-acetate complex. The 
gelable slurry is spread onto a watch glass and exposed to 
ambient room conditions for 24 hours. During this time a 
slightly flowing gel is formed, converting the gelable slurry 
to a nondeformable gelled continuum of consolidated solids 

4S which is substantially impermeable to fluid. It is noted that 
the gel of Example 4 is somewhat less structured than that 
of Example 1. 

The present invention has been described above in each of 
its embodiments as a process for construction of a single 
5Q barrier wall to effect fluid isolation between two adjacent 
regions of permeable earthen material. It is further within the 
scope of the present invention to practice each of the 
above -described embodiments as a process for construction 
of a system barrier walls around a region of permeable 
earthen material to effect fluid isolation of the region from 
a plurality of surrounding regions of permeable earthen 
material. 

While the foregoing preferred embodiments of the inven- 
tion have been described and shown, it is understood that 
alternatives and modifications, such as those suggested and 
others, may be made thereto and fall within the scope of the 
present invention. 
We claim: 

L A process for constructing a subterranean barrier wall 
comprising: 

preparing a gelable slurry including unconsolidated 
solids, an aqueous solvent, an acrylamide polymer, and 
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a complex containing a chromium III cation and a 16. The process of claim 1 further comprising mixing said 

carboxylate a °Jon gelable slurry with unconsolidated solids residing in said 

placing said gelable slurry m an earthen pit, wherein a first earthen pit 

region of a permeable earthen material is positioned on n 

a first side of said earthen pit and a second region of 5 17 A P rocess for constructing a subterranean barrier wall 

said permeable earthen material is positioned on a comprising: 

second side of said earthen pit; placmg a displaceable slurry in an earthen pit, wherein 

8 °^ 8 c S h ^T"? ac 7 lamidc j*> l y mtT said displaceable slurry includes a liquid ana~uncon- 

matunty m earthcn ^ and whereiD a *- * a p— 

binding said unconsolidated solids with said gel to con- 10 ^ e * arthen m ^ terial * P°f oned on r a fire < »* of 

vert said gelable slurry to a gelled continuum of con- Cart ^ CD pit anc ^ * 86000(1 rc S lon of said P cr ™*°k 

solidated solids forming a barrier wall in said earthen ^rihea material is positioned on a second side of said 

pit, wherein said barrier wall is substantially imperme- earthen pit; 

able to fluid flowing from said first region toward said J5 preparing a gelation solution including an aqueous 

second region solvent, an acrylamide polymer, and a complex con- 

^ lUe process of claim 1 further comprising excavating taining a chromium III cation and a carboxylate anion- 

said permeable earthen material from an earthen surface to , . , t . , . . . , . . 

form said earthen pit. placmg said gelation solution in said earthen pit to dis- 

3. The process of claim 1 wherein said gelable slurry pIacc al lcast a P ortion of said displaceable slurry from 
includes a gelation rate accelerating agent selected from a 20 Mid earl hen pit; 

group consisting of simple mineral acids, inorganic chro- gelling said gelation solution to substantial maturity in 

mmm salts, and mixtures thereof. said earthen pit producing a gel; and 

4. The process of claim 1 wherein said gelable slurry ^- A - a , ■, , . . .„ , 
includes a gelation rate retarding agent selected from a °">ding said unconsolidated sohds with said gel to form 
group consisting of carboxylic acids, ammonium, potassium 25 a ecUcd contmuum of consolidated solids providing a 
or sodium salts of said carboxylic acids, and mixtures barrier wall in said earthen pit, wherein said barrier 
thereof. wall is substantially impermeable to fluid flowing from 

5. The process of claim 1 wherein said unconsolidated & TS{ re gion toward said second region. 

solids include a bulk component selected from a group 18- The process of claim 17 further comprising mixing 

consisting of a soil, a clay, and mixtures thereof. 30 additional unconsolidated solids with said gelation solution 

6. The process of claim 5 wherein said clay is selected prior to placement of said gelation solution in said earthen 
from a group consisting of bentonite, attapulgite, smectite, p i t 

montmorillonite, kaolinite, aiite, and mixtures thereof. mm. r.- L 

7. The process of claim 5 wherein said unconsolidated A 9 ' ^ pr0CCSS ° f Ch ™ 17 ****** com P risin g excavating 
solids include a density control agent selected from a group 35 said P ermcablc earth ™ material from an earthen surface to 
consisting of diatomaceous earth, gilsonite, perlite, f ° rm Said earlheD P lL 

hematite, ilemite, cellulose, sand, salt, lignin, and mixtures 20 ^ P roccss of claim 17 wherein said gelation solution 

thereof. includes a gelation rate accelerating agent selected from a 

8. The process of claim 5 wherein said unconsolidated grou P coaling of simple mineral acids, inorganic chro- 
solids include lignin as a mixing agent or density control 40 mium saIts » and mixtures thereof. 

agent. 21. The process of claim 17 wherein said gelation solution 

9. The process of claim 5 wherein said unconsolidated includes a gelation rate retarding agent selected from a 
solids include cellulose as a filtration control agent. group consisting of carboxylic acids, ammonium, potassium 

10. The process of claim 5 wherein said unconsolidated 45 or sodium salts of said carboxylic acids, and mixtures 
solids include a permeability reduction agent selected from thereof. 

a group consisting of perlite, gilsonite, and mixtures thereof. 22. The process of claim 17 wherein said unconsolidated 

11. The process of claim 5 wherein said unconsolidated solids are a clay. 

solids include a silica as a strength loss reduction agent. 23. The process of claim 22 wherein said clay is selected 

12. The process of claim I wherein said carboxylate anion 50 from a group consisting of bentonite, attapulgite, smectite, 
is selected from a group consisting of acetate, propionate, montmorillonite, kaolinile, illile, and mixtures thereof, 
malonate, lactate, glycolate, and mixtures thereof. 24, The process of claim 18 wherein said additional 

13. The proccss of claim 1 wherein said acrylamide unconsolidated solids include a bulk component selected 
polymer is selected from a group consisting of 55 from a group consisting of a soil, a clay, and mixtures 
polyacrylamide, partially hydrolyzed polyacrylamide and thereof. 

mixtures thereof. 25. The process of claim 24 wherein said" clay is selected 

14. The process of claim 1 wherein said gelable slurry is from a group consisting of bentonite, attapulgite, smectite, 
prepared by mixing said aqueous solvent, said acrylamide montmorillonite, kaolinile, illile, and mixtures thereof, 
polymer, and said complex to form a gelation solution and 60 ^ P rocess of cIaif n 24 wherein said additional 
mixing said gelation solution with said unconsolidated sol- unconsolidated solids include a density control agent 
ids. selected from a group consisting of diatomaceous earth, 

1* tkp nm™,. rt f 1 - 1 u . . i l i 1 gilsonite, perlite, hematite, ilemite, cellulose, sand, salt, 

15. The process of c a,m l where.nsa,d gelable slurry ,s lignin and ^ ixIures thcrco f 

prepared by sequenually m.x.ng said aqueous solven.. said 65 27 . ^ process of chim 24 wherein sa[d addjljonal 

acrylamide polymer, and sa.d complex with said unconsoli- unconsolidated solids include lignin as a mixing agent or 

dated solids. dens ; ly comro i ag eni. 
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28. The process of claim 24 wherein said additional 
unconsolidated solids include cellulose as a filtration control 
agem. 

29. The process of claim 24 wherein said additional 
unconsolidated solids include a permeability reduction agent 
selected from a group consisting of perlite, gflsonite, and 
mixtures thereof. 

30. The process of claim 24 wherein said additional 
unconsolidated solids include a silica as a strength loss 
reduction agent. 

31. The process of claim 17 wherein said carboxylate 
anion is selected from a group consisting of acetate, 



12 



propionate, malonate, lactate, glycolate, and mixtures 
thereof. 

32. The process of claim 17 wherein said acrylamide 
polymer is selected from a group consisting of 
polyacrylamide, partially hydrolyzed polyacrylamide and 
mixtures thereof. 

33. The process of claim 17 further cdmprisin^mixing 
said displaceable slurry with unconsolidated solids residing 
in said earthen pit. 
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